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(57) Abstract: The invention relates to a method of automatically displaying medical measurement data in which a computer re- 
ceives the medical measurement data, automatically, in real time, converts the received measurement data into data for histograms 
and outputs the converted data picture signals. 
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Method of automatically displaying medical measurement data 



PCT/IB2004/052060 



The invention generally relates to medical monitoring systems and, in 
particular, to a method of automatically displaying medical measurement data as claimed in 
claim 1 and a corresponding device as claimed in claim 5. 

Patient monitoring systems are used to monitor a patient's condition. Such 
5 systems display a multiplicity of medical measurement data. At present, it is possible, with a 
modem system, to measure and display up to 50 parameters, for example, in open-heart 
surgery. Most of the systems for displaying the measurement data simultaneously evaluate 
the measurement data and generate warning signals if one or more measured value(s) 
exceed(s) specified limit values. 

10 Because of the multiplicity of indicated or displayed measured values, it is 

often difficult for medical persoimel to quickly recognize critical conditions in a patient. This 
is essentially due to the fact that the personnel have to "filter out" the important information 
items from the displayed measurement data. This may result in a high cognitive loading of 
the personnel during critical events, for example, during an operation. 

15 In order to be able to filter certain trends out of the measurement data 

displayed, it is known to use so-called graphic trend packets that can progressively display 
developing physiological changes. In particular, the correlation of physiological trend data 
helps the clinical personnel to assess a patient's condition correctly. Typically, this is 
achieved by overlapping trend graphs using a time cursor to collect individual trend data 

20 points. 

However, this is very time-consuming since it requires a plurality of user 
inputs at a patient monitoring system. An indication of medical measured values would 
therefore be desirable that requires only a few user inputs, preferably none at all, and, at tiie 
same time, makes possible a good iaterpretability by clinical persoimel. 
25 This object is achieved by a method of automatically displaying clinical 

measured values as claimed in claim 1 and by a corresponding device as claimed in claim 5. 
Further refinements of the invention emerge from the dependent patent claims. 

The invention relates to a method of automatically displaying medical 
measurement data in which a computer receives the medical measurement data, automatically 
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converts in real time the received measurement data into data for histograms and outputs the 
converted data as picture signals. The display of the medical measurement data in the form of 
histograms has the advantage over the conventional display of curve pattems of measurement 
signals and measured values in the form of numerical values that clinical personnel can 
5 recognize critical conditions in a patient and trends very quickly from the histograms and 
without additional user inputs. Real-time conversion of the medical measurement data 
histograms additionally ensures that the current condition of a patient is always displayed. In 
particular, a user of the method according to the invention can easily survey in real time the 
distribution of medical measurement data over time and does not have to actuate any user 

10 inputs at the monitoring system in order to obtain an overview of the pattem and distribution 
of the measurement data. 

In particular, the measurement data are converted into dynamically updated 
real-time histogram readout objects. This further facilitates the indication and the evaluation 
of the medical measurement data by a user since the objects can be displayed, for example, in 

15 the form of windows on a desktop that is displayed by a graphic user interface on a viewing 
screen, such as is known, for example, from the known graphic user interfaces of computer 
operating systems. 

During the conversion, the computer can generate aids for tihe retrospective 
analysis of histograms in the form of selectable ftmctions that can be displayed on a viewing 
20 screen and output them together with the converted data combined as picture signals. The 
retrospective analysis makes possible a convenient and more precise evaluation of the 
measurement data displayed. 

During the conversion, the computer may furthermore generate a cumulative 
curve indication of the medical measurement data and output it together with the converted 
25 data combined as picture signals in order to enable a long-term trend analysis. 

Preferably, the computer processes control signals that are generated by iuput 
means communicating with the computer and that serve to control the conversion and/or the 
output of the picture signals. The input means may be a keyboard, a cursor or, alternately, a 
touch screen. 

30 In accordance with a further aspect, the invention relates to a device for 

automatically displaying medical measurement data, comprising a computer that is designed 
for receiving medical measurement data, automatic real-time conversion of the received data 
into data for histograms and for outputting the converted data as picture signals. 
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In particular, the computer is designed to convert the measurement data into 
dynamically updated real-time histogram readout objects. 

The computer may also be designed to generate, during the conversion, aids 
for the retrospective analysis of histograms in the form of selectable functions that can be 
displayed on a viewing screen and to output these together with the converted data combined 
as picture signals. 

In a preferred embodiment, the computer is designed to generate, during the 
conversion, a cumulative curve readout of the medical measurement data and to output it 
together with the converted data combined as picture signals. 

Finally, the computer may be designed to process control signals that are 
generated by an input means commxjnicating with the computer and that serve to control the 
conversion and/or the output of the picture signals. 

In accordance with a further aspect, the invention relates to a medical 
monitoring device tiiat is characterized by a device as is explained above. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 

In the description, in the claims, in the abstract and in the drawings, the terms 
used in the list of reference symbols cited at the back and associated reference sjanbols are 
used. 

In the drawings: 

Fig. 1 shows a readout of a histogram and a cumulative curve in accordance 
with the invention; 

Fig. 2 shows a histogram readout as a viewing-screen object on a quiescent 
readout of a patient monitor; 

Fig. 3shows a histogram analysis window; 

Fig. 4 shows a histogram analysis window with a cumulative cursor function; 
Fig. 5 shows a histogram analysis window with a range-selection cxrrsor; 
Fig. 6 shows a histogram analysis window with a variable readout; 
Fig. 7 shows a histogram analysis window with a deviation and trend readout; 

and 

Fig. 8 shows a readout comprising histogram trends and histogram snapshots. 
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Fig. 1 shows the underlying concept of a readout of a parameter histogram and 
a cumulative curve as can be displayed in accordance with the invention on the viewing 
screen of a patient monitoring device. For example, the Sp02 value (oxygen saturation of the 
5 blood) of a patient is monitored as medical measurement data. The Sp02 value is measured 
by meaas of a suitable sensor, not shown, whose measurement signals are transmitted in the 
form of medical measurement data to a computer, not shown, for example a suitably designed 
personal computer. The computer automatically generates picture signals from the received 
measurement data, which signals are transmitted to a viewing screen or monitor for display. 

10 If a personal computer is used as computer, it may be programmed in such a way that it 
processes the received measxirement data, in particular converts them in real-time into 
histograms and outputs the converted data as picture signals so that they can be displayed as a 
histogram readout on the viewing screen or monitor mentioned. 

The histogram readout 10 is formed by the time distribution of numerical 

1 5 measured values in histogram columns 12 that are definable by a user and are referred to 
below as 'iDins", and a cumulative curve 14 that is superimposed on the histogram colxmins. 
In the diagram contained in the readout shown in Fig. 1 and comprising a histogram and 
cumulative curve, the X-axis of the depicted diagram is the range of the medical 
measurement data or measured values used (for example, it is the range of numerical Sp02 

20 values from 20% to 100% Sp02). The Y-axis of the diagram shows the relative; value of the 
time of the measurements. The bin is the width of an individual histogram column (for 
example, for a setting with sixteen bins, the width of an individual bin is a 5% Sp02 value 
range). 

The histogram readout is to be read as follows: the numerical Sp02 values 
25 were between 70% and 75% Sp02 during 30% of the measurement time. The time over 

which the data were accumulated in the histogram bins, for example a period of 8 hours, can 
be adjusted by the user. The cumulative curve is, at every point, the sum of all the previous 
bins. For example, a cursor that is shown at 60%/95% Sp02 means that the oxygen level falls 
below a value of 95% Sp02 for 60% of the measurement time. 
30 In accordance with the invention, a plurality of parts may be provided that 

improve the display of medical measurement data: 

1 . A readout of a histogram and a cumulative curve, in which the objects 

displayed on a viewing screen are dynamically updated in real time; an instantaneous marker 
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that displays the actual measured value in the histogram and, consequently, also in the 
context of the statistical distribution; 

2. A histogram evaluation window and aids for the retrospective evaluation of a 

histogram (cumulative curve cursor, range-selection cursor and adjustable readout); 
5 3. "Inop" bin: a separate bin ("inop bin") for displaying times of invalid or out- 

of-action measurement data as an indicator of the quality or representativeness of patient data 
or medical measurement data; 

4. A deviation readout and a direction-change indicator, updated in real time on a 

quiescent readout of a patient; 
10 5. Histogram snapshots and histogram trends: new aids for the visualization and 

comparison of parameter histograms over time periods; and 

6. A combination of the parameter histogram view to form an event monitoring 

system and graphic trend applications. 

Every individual part is described in detail below: 
15 Fig. 2 shows the quiescent readout of a patient monitoring system that is ' 

typically formed from real-time wave shapes or real-time signal patterns 16 and numerical 

values 18 of the measured signals of the patient. The histogram readout and the cumulative 

curve 20 are a novel viewing-screen object that can be displayed on the quiescent readout 

alongside the associated measurement curves and numerical values. 
20 The histogram readout on the viewing screen is dynamically updated in real 

time and makes it possible for a clinician to visualize changes in the parameter distribution. 

The marking under the X-axis shows in which bin the current numerical value is placed. 

Activation of any of the displayed histogram readout icons 22 makes the 

associated histogram analysis window clearly visible. Any of the numerical monitoring 
25 values may be displayed in the form of a histogram readout. As is shown in Fig. 3, the 

window comprises at its bottom a list of program function symbols 24 that make it possible 

for the user to call up further functions or aids for the histogram analysis. Selection of an 

offered function, for example of the analysis window, calls up a window comprising a list of 

functions 26 that are accessible. 
30 In accordance with the invention, four analysis aids are available that support 

the user in obtaining further information items from the selected parameter histograms: 

1 . A cumulative curve cursor; 

2. a range cursor; 

3. a variability/stability readout (V/S); and 
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4. a deviation and direction-change readout. 

In accordance with Fig. 4, a cursor aid 28 is available in order to investigate 
the cumulative CTirve to answer the following questions: for what percentage of the time were 
the Sp02 values below 90%? The answer is in the cursor field on the right (in the example 
5 shown in Fig. 4, the Sp02 saturation was less than 90% in 43% of the measurement time). 
The user can move the cursor along the cumulative curve by on-the-spot operation. Inputting 
the window always shows a standard value for the cumulative curve cursor (for example, the 
DESAT alarm limit of 80% for the Sp02 measurement). 

Range-selection cursors 30 make it possible for the user to determine the 

10 percentage of the time in which a numerical measured value was within the limits specified 
by the user. The cursors, which are shown in Fig. 5 by two vertical lines at about 85% and 
95%, have, if a window is called up, the current lower and upper alarm limits of the 
measurement, shown as a histogram readout, as standard values. Fig. 5 shows that the Sp02 
measured value was within the 85% to 95% range in 66% of the time. 

15 The variability/stability readout provides information about the variability of 

the selected measurement and, consequently, about the stability of the patient's condition. 
Starting at a mean value (shown in Fig. 6 by a vertical marker), the "V/S" readout shows the 
range of the histogram in which the percentage of all the measurements that can be set by the 
user are situated. Fig. 6 shows 81% Sp02 as current mean value. A rectangle 34 is the range 

20 around the mean value that corresponds to the set variability of 10% in this example. The 
variability can be set by the user by means of the resolution of the predefined bin width (in 
the example shown, in steps of 10%). 

Fig. 7 shows the current mean value as a continuous vertical line above the 
parameter histogram readout. The current deviation from said mean value is shown 

25 graphically as a horizontal bar and the arrow shown above it indicates the direction of 

change. A deviation above the mean value is shown as a rectangularly shaped range 36 to the 
right of the mean value, while deviations below the mean value are shown on the left-hand 
side of the mean value (see Fig. 7). 

Histogram analysis implies that numerical measured values are only taken into 

30 account if they are valid nTjmerical values. However, in the case of noise or other interference 
that may be caused, inter alia, also by patients themselves or external effects of therapy 
measures, some measurement signals do not always result in valid numerical values. These 
periods of invalid (or out-of-action) data are relevant for the entire histogram statistics. The 
percentage of the time for which a measurement algorithm does not result in a valid 
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numerical value is something that clinicians would like to know in order to be able to validate 
how relevant and statistically representative tihe collected data for an analysis are. In order to 
make this possible, in accordance with the invention, a special bin, denoted as "inop" is 
provided on the left of the lowest value range that is only displayed while the monitoring 
5 system is in a so-called configuration mode. The height of the "inop" bin enables clinicians to 
assess the relevance of the data displayed. 

A further function comprises histogram snapshots and histogram trends that 
are stored for later reference and a later comparison, and for the purpose of documentation. 
Histogram trend is understood as meaning a readout that provides the clinician with the 

10 possibility of observing the changes in statistical distributions over time by stacking 

individual histograms or cumulative curves. In this way, for example, the current histogram 
can be compared with a previously recorded reference liistogram and documented. In this 
connection, reference should be made to the viewing screen depicted in Fig. 8. 

Finally, the invention also relates to a combination of the parameter histogram 

15 view to form an event monitoring system and a graphic view. In this connection, reference is 
made yet again to Fig. 1. The value distribution shows that, for example, a new-bom patient 
has shown substantial periods in which a desaturation went down to 70% (cxxrrently^ about 
30% of the desaturation is in the region of 70%). In order to decide on a suitable treatment, 
the clinician needs detailed information items about the individual desaturation events. For 

20 example, whether apnea events and bradycardia events occurred during said desaturation 

periods: The sequence of apnea events and bradycardia events also provides indications about 
the type of apnea events (obstructive versus central or mixed). This can be achieved by 
combining the parameter histogram readout with the event monitoring packet, which makes it 
possible for the clinician to access a detailed episode view for individual events. A similar 

25 combination is also possible to form the graphic trend packet in order to display the content 
of the histogram as a graphic trend against time. 

The clinical advantages of the invention are summarized yet again below and 
subdivided according to various users. 

For the clinician, it is simpler and more intuitive to recognize the stability or 

30 the variability of individual measurement parameters of a patient using the invention, in 
particular even changes in condition. This improves a clinician's decision process. 

A further advantage of the invention is that it supports a clinician, particularly 
in quickly answering the following exemplary questions: 
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For how long was a measurement parameter outside a predetermined range? 
The clinician can quickly answer this question by using the range-selection cursor explained 
above. 

What was the distribution of the measured values over time? This indicates the 
5 stability of the measurements and supports the clinician in determining the therapy measures 
for a patient. The clmician can also quickly answer these questions by using the histogram 
readout explained above as a viewing-screen object on the quiescent readout and by using the 
deviation and change readout to display changes in real time. 

Are therapeutic measurements effective enough to stabilize the patient? 
10 Improvements in the patient result can be monitored and the success of therapy methods can 
be assessed and can be documented in hitherto xmavailable completeness by using the 
histogram snapshots and histogram trends. 
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LIST OF REFERENCE SYMBOLS 



10 


Histogram readout 


12 


Histogram columns 


14 


Cumulative curve 


16 


Wave shapes or wave signal patterns 


18 


Numerical values 


20 


Histogram readout and cumulative ctirve 


22 


Histogram readout icons 


24 


List of program-function symbols 


26 


Window comprising a Ust of functions 


28 


Cursor aid 


30 


Range-selection cursor 


32 


Continuous vertical line 


34 


Rectangle 


36 


Rectangularly shaped range 
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CLAIMS: 



1 . A method of automatically displaying medical measiirement data in which a 
computer receives the medical measurement data, automatically converts in real time the 
received measurement data into data for histograms and outputs the converted data as picture 
signals. 

5 

2. A method as claimed in claim 1, characterized in that the measurement data 
are converted into dynamically updated real-time histogram readout objects. 

3. A method as claimed in claim 1 or 2, characterized in that the histogram is 

10 filled with measurement data from a time window advancing in real time ("moving window") 
with selectable fixed length. 

4. A method as claimed in claim 2, characterized in that, during the conversion, 
the computer generates aids for the retrospective analysis of histograms in the form of 

15 selectable functions that can be displayed on a viewing screen and outputs them together with 
the converted data combined as picture signals. 

5. A method as claimed in any one of claims 1 to 3, characterized in that, during 
the conversion, the computer generates a cumulative curve indication of the medical 

20 measurement data and outputs it together with the converted data combined as picture 
signals. 

6. A method as claimed in any one of the preceding claims, characterized in that 
the computer processes control signals that are produced by input means communicating with 

25 the computer and that serve to control the conversion and/or the output of the picture signals. 



7. A device for automatically displaying medical measurement data, comprising 

a computer that is designed for receiving medical measurement data, automatic real-time 
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conversion of the received measurement data into data for histograms and for outputting the 
converted data as picture signals. 

8. A device as claimed in claim 6, characterized in that the computer is designed 
5 to convert the measurement data to dynamically updated real-time histogram readout objects. 

9. A device as claimed in claim 6, characterized in that the computer is designed 
to generate, during the conversion, aids for the retrospective analysis of histograms in the 
form of selectable functions that can be displayed on a viewing screen and to output them 

10 together with the converted data combined as picture signals. 

10. A device as claimed in any one of claims 5 to 8, characterized in that the 
computer is designed to generate, during the conversion, a cumulative cirrve readout of the 
medical measurement data and to output it together with the converted data combined as 

15 picture signals. 

11. A device as claimed in any one of claims 5 to 9, characterized in that the 
computer is designed to process control signals that are generated by an input means 
communicating with the computer and that serve to control the conversion and/or the output 

20 of the picture signals. 



12. A medical monitoring device, characterized by a device as claimed in claims 5 

to 10. 
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